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Late i 
searchers 

tleu teriui 
LASL's 
(CO,) la 
flux of 

ctl camp 

n January, L-Division re- volt) neutrons characteristic of tlivision head of L-Division, "Our 
reported they had achiev- tlicrmonuclear Eusiori reactions was rcccnt results in understanding the 

iression of a microscopic, produced. basic physics of target experiments 
n-tritium luel pellct using It is the first time compression and the success of the compression 
two-beam carbon-dioxidc a n d  neutron flux have ever been experiment present the possibility 
ser system. A detectable obtained with a CO, laser. In  the that the CO, laser may indeed be 
14-hIeV (million-elcctron- words ol Gene McCall, altcrnatc thc laser of choice for future laser- 

Before and after pictures of a deuterium-tritium-filled glass pellet are magnified about 250 times. The 
microscopic target sphere (center, picture above) is mounted between 2 sheets of extremely thin plastic 
foil (40 nanometers thick). The assembly i s  suspended in a triangle formed of glass wires (angel hair), 
before being heated slightly to bond the plastic foil to the microballoon. The picture at right was taken 
with an x-ray pinhole camera. It shows a similar ball and disk target successfully imploded with L-Division's 
two-beam carbon dioxide laser system. The bright dot at the center of the picture shows compression of the 
core. Hot plasma outlines the shell of the microballoon shown here at a slightly different angle but about 
the same size as the unimploded target pellet above. 

2 



3 



Jerry Parker, left, L-1 assistant group leader, and Sid Singer, L-1 group leader, 
confer from a vantage point on top of the amplifier module of the two-beam 
laser system. 
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dioxide lascr h.ts high repel itiori 
c;ipability arid clcmon~ti atctl rib- 
cienc y m t l  sc;tl;il)ility, hut its wave- 
lciipili, in the mitldlc irifiarcd scg- 
mtwl 01 thc spc’ctrriim at 10 rriic roni- 
ctcrs, ivas judged an obstade to hc 
ovcrtonie if it ’MGLS 10 qualify it‘, ;I 

l,iscr 01 clioitc Cor ;I lusioii rcxctor. 

tay wavcl(qt1i is no  longer a prob- 
l ( w ~  

Sit1nc.y Singcr, group lcacler of 
I ,-I ((:02 T , a q t x r  Systciiis lkvclop 
i i ient  Gioup), wnis it up: “Now 
tIi,iL we hitV(1 iiiduced fusion i e  
actions iii pellcts using a 6:CS, sys 
tcin, our (oiiilciition that (lie 
cornpr;itlvcly long wavclrngeli ol‘ 
th i s  lascr docs riot present ;I prob 
lrrn h i t 5  Iiccri t otifirmcd.” 

Coti(t ollcd t h c ~  rriririuclcar fusion 
i 4  pc111~1p5 thc m o 5 t  tcc hnically de 
inantling ol ‘111 the tonecpts brxiig 
invest igated ;IS ( onimclciitl soiucc:, 
01 power‘. 

‘I’hc conccpl of Iiision has btwr 
6 w  ccssiully dcmonqf ratccl in Ihr. 
tlcvclopmcnt (,I hytli ogen wcapons. 
I{ut con~rollctl lusion was consid 
cred inoi(~ difficult than h ~ s i o r i - 4 1 ~  
yditting 01 thr atoni to icleasc. 
l,irgc, arnounts of energy. It proved 
c.,isiclr to split m alorn ;ind I i a r i i c ~  
t l ie rc’sultant cncrgy for lmwer. 
Growing coiitiovrrsy over tlic safety 
of nut1c;rr fissioii and its incvitablc 
ljYp1dIict~, i l r ld  tllc recent energy 
t i  isis, intcnsihctl thc intcrcst in 
iusion, the confining of  ,rtoms (espc- 
( idly I lie heavy isotope? 01 IiytPio- 
gcn, cl(wtt~i iuin, and tritium) r tt- 
lensing large smounts of rticrgy in 
a process thnt  should prove clriuicr, 
and  cheapci , than fission. 

Law--inductd Iiision is it rela- 
tivr ncwcoinci io thr Gcld of con- 
trolWctl thcrnminclear fusion rc- 
se;trch. No mal trr wh;ll laser is ixc,cd, 
thc objctt i4 to co~nprcss ;L target 
lricl pcllct with sulhciciit m c i  gy 
to triggcr thct inmu( lcar reactions 
t h a t  ~clrasc large amouilts 01 
me1 gy. 

Sr ich reaci ions arr triggcrcti by 
cxcit irig dc ut (’1 iurn and ti itiuni 
atoms to Lhc cxtciit that tlic clcc- 
troiis will (as( apc tlicir ot bit5 

Now, h w c v c r ,  I,ASI, sci(btitists . . we may lop 10 or 
even 20 years from the 
generally accepted 
time required for 
d evelc~prnent of a 
aser-fusion reactor . e . 9 3  

atourid 1hc I IUC~CUS of tlic atom 
. iricl, in 50 tloing, leave behind 
(ltargtd rim I r i  (ions). Ions, havc a 
1)osil ivc talet li rical c harge, and if 
tiroiq$ 1 togclhcr will repel cach 
ot1ic.r with grc‘it Force. Howcver, 
i f  w f l ~  iciit cricrgy ancl pressuic 
arc tlclivc~ierl to tlic hot g a s  
(p1;isnia) whitli ii tollcction d‘ ions 
lo r  ins, ions wi l l  attain such random 
velocities that pnirs of thein will 
ovcrcoinc tlir nu( 1e;ir repulsivc 
Ioixcj and Jusc, or cornbinc, into 
a largor nucliws (Iit~liuni) ancl a 14- 
McV iiciitron. 111 doing so, mass is 
convc’i tctl to the cncrgy ol motion 
ol the ncritiori. 

1)ctettion ( i f  such a flux oi ncu- 
iiotts in Jmixary marked a mile- 
storic in the LASL. lascr research 
I)rograrn, whic 11 in 19’70 cxp;inded 
it rrriall efloit in cxistcncc since 
lM3, w i t h  toiistruction oi a singlc- 
lieam carboii clioxiclc laser. 

Paiiist;ikinj;ly, the inlicrcnt prob- 
lciris ol lasrr tlevc~lopmrnt have 

been ovcr(omc through a scrics o f  
integrated piogranis that by 1981 
may result in coinplction of a ma- 

inc ilblc lo tlcmoristrate “scienti- 
brcakcvcn” in laser lusion. ‘rha t 

is tlic point at which thc amount 
of cricrgy released by  fusion rear- 
tions ctluitls the amount ol cncrgy 
that was rcqiiired t o  producc them. 
Until 111 c,ikcvcn is dcmonstratcd, 
fusion icac tors will iemain simply 
‘1 t on~cp t .  

Jciiy Parker, assistant I,-1 group 
l(>itdCr a~i t l  scctiorl licatl ol the two- 
bcnni CQ, lascr system, tlcstribrs 
tlic two-lmim 5ystcm as “being 
built, initially, to piovr tlic fcasi- 
I~ility 01 using a laige ;implifirr 
(for the lascr lieilin) ant1 to invcsti- 
gatc the phyfics ol lascr interaction 
with krrgets (furl pcllcls).” 

Ilowcvcr, Ru kcr says, within a 
year, dcvclopment of thc laser 
system itscll, and results 01 targc’t 
experiment theory, indicated a 
trari5ition “toward targct work.” 
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Joe Svacek, L-4, adjusts components of Thc  thrust of the two-beam pro- 
target positioning apparatus in the gram changed accordingly in favor 
target chamber of the two-beam COP of target experiments. The  success- 
laser system. The picture was taken ful January experiment has delayed 
through a porthole in the target cham- plans to switch to development 
bet-. aimed at increasing the energy of 

the laser system itself, according to 
Parker. 

The two-beam laser target experi- 
ments, which began in October, 
1976, culminated successfully in 
compression of a fuel pellet. 

Compression is the key word in 
lascr fusion. When powerful laser 
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energy reaches a iuel pellet it  
quickly heats the electrons on the 
outer surface of the pellet, causing 
a plasma to form that rapidly ex- 
pands outward (blows off). The re- 
coil impulse from this rapid blow- 
off of the outer layer of the pellet 
compresses the pellet core, much 
as a rocket’s exhaust thrusts a 
rocket forward, with a resultant 
release of energy. 

The  assumption that the long 
wavelength of the CO, laser posed 
a problem involved the location of 



Until breakeven 
is demonstrated, 
fbsioa reactors 
will remain 
simply a concepl,. 



More On 
LASL Achievements 
In Fusion By Lasers 

Early in March, the biggest ger- 
manium polycrystal ever grown in 
the United States was delivered to 
the Los Alamos Scientific Labora- 
tory. It will help solve one ot the 
major problems confronting re- 
searchers developing the largest, 
high-energy, short-pulsc carbon di- 
oxide (CO,) laser syslcm in the 
world. 

Lasers just naturally seem to 
generate superlatives in those who 
write about them. T o  the layman 
they are exotic by nature. T o  the 
scientist they are a very interesting 
technical challenge. 

In principle, a laser appears to 
be a relatively simple thing. I t  
operates whcn atoms or molecules 
in the lasing medium are excited 
by a jolt of energy from their 
normal rest or ground state to a 
higher energy level. When triggered 
by photons of the exact same 
energy, they will jump back to 
lower energy levels, giving off a 
stimulated emission of radiation in 
the form of light. This occurs in 
avalanche fashion and results in 

light amplification. The  output is 
either a steady beam of light, if the 
lasing medium is steadily pumped, 
or short, powertul bursts of light, 
i l  intermittently pumped. 

There the apparent simplicity 
ends, lor the problems associated 
~7 i th  development of lasers increase 
proportionately a5 bigger, more 
efficient systems are designed. 

In  thc casc of lasers for fusion, 
which require extreme amounts of 
power to heat thc heavy isotopes 
of hydrogen to fusion tempera- 
tures, the problems are formidable. 
Solving them rcquires time, money, 
and the dedication of many people 
ill related disciplines. 

Solutions to a variety of such 
problems have already been found 
in the Laboratory’s Laser Rescarch 
and Technology Division. The  
huge germanium polycrystal is a 
prime example. Its sole purpose is 
to absorb reflected light near the 
business end ol the eight-beam 
GO2 laser system now under con- 
struction in L-Division. Without 

it, spontaneous lasing of the beam 
would occur in the system. This 
would either destroy the target pre- 
maturely by preheating, or severely 
damage the laser components. 

The polycrystal measures 16 
inches long by 12% inches thick, 
and weighs about 55 pounds. 

Such a crystal was undreamed of 
in 1970, when LASL’s COz develop- 
ment program began. LASL re- 
searchers have concentrated on 
developing a carbon dioxide system 
because there are many advantages 
to the gas lasing medium. Its laser 
light is invisible, in the infrared 
scgment of the spectrum, which 
posed a problem only recently 
solved (see related story on Page 
l), and the problem of alignment 
still exists, but it is a laser with 
demonstrated high efficiency, a ca- 
pacity for high repetition, and it 
can be scaled up to the large sys- 
tems believed to be necessary for a 
fusion rcactor. 

By 1972, L-Division scientists had 
designed a four-stage, single-beam, 
CO, laser system using a technique 
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Two-level v i tw 01 busy work crew. Joe Ladirh, 1-1, (center) looks on as Mary 
Martiiier and Torr1 Herrera, both Missouri Research laboratory employees tem- 
porurily workirry u t  !-Division, check the oil level in E-beam pulser bushing 
ubtrve amplifier. Group oil riglit discusses mirror positioning device. They are 
(left to right), Carl Elsner, E-?, and E d  Jolly, Ben Mclestas, and Gene Zimmmer- 
111611, C I l l  of 1- 1 

Facility (IlI~,GLF). 13FGLY is a 
laser wgc t  larility designed to 
synnne~ 1 i c  ally i r  I adiatc fuel p'cllcts 
with a total ol 100 kilojoules 01 
cricigy Iiom 12 bc;ims. 

Su th  sequcnc cd  dcvelopment is 
1 l l C  Iwy 10 tlw 5UC(CSS 01 rhc T A S I d  
Iiiscr tlcvclolmicnt program. 

Design InodiGcalions in the cislit- 
bcaiii system werc iniliatcd by ex- 
peiiencc gained with the two beam 
systciii. Similarly, the twokbram sys- 
tciii iiirlutlcs niaiiy irinovativc lea- 
t i11 ('4 rlcvclopccl from the expcr- 
icmc gxiiicd with tlic single beani 
5ystein. 
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A case in point is the use of a 
single, cold-cathode electron gun 
which is used in 2 separate ampli- 
fying regions of the two-beam 
system, and a “triple-optical-pass” 
aniplificr. The single beam system 
had 4 bulky amplifiers, each with 
its own power supply and hot- 
cathode electron gun. The two- 
beam system passcs a pulse through 
the triple-optical-pass amplifier 3 
times, rather than directing its 
pulses through 2 strings of 5 ampli- 
fiers, necessary if the initial design 
concept had been followed. 

The triple-pass amplifier is a 
single tank of CO, into which as 

much as 4 kilojoules of electrical 
energy is deposited. In the eight- 
beam system, 8 such tanks will be 
placed around the periphery of the 
target pellet chamber. Thcy will be 
used to increase the energy of 8 
laser beams before they arc focused 
upon a target. 

It is at the triple-pass amplifier 
that the giant polycrystal of germa- 
nium will be used to correct the 
problem of spontaneous (self) las- 
ing, the unwanted and harmful 
buildup of radiation in the system. 

Germanium that is “doped” 
(impregnated) with gallium is the 

This picture was taken from the inside of an amplifier 
tank to frame Tom Carrol, L-1, and ,Marguerite Maes, an 
employee of the Albuquerque-based Missouri Research 
Laboratory. She is working for LASL on loan to L-1 
through E-2. 
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Mike Montgomery and Joe Ladish, L-1, check the beam of the probe laser used 
for alignment in the eight-beam COP system, using time-honored system which 
involves burning a hole in a piece of paper. Check was made in preparation 
for a shot. 

Each of the 8 beams must be de- L-Division’s chief, Roger Perkins, 
livered on target simultaneously has no doubt they can do just that 
and they must be accurately aligned by 1978. 
for uniform irradiation of the If thc large germanium crystal 
pellet. dclivered in March does its job so 

that the full energy of the eight- 
beam system is developed and de- 
livered to the targets without pre- 
lasing, a major milestone in the 
program will have been reached. f@ 
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Ed Jolly an1 
1-1, inspect 
irig on one I 

of 1-Qivisior 
system. 

4 Gene Zimmermati, 
tlic: E-beam pulser 

i f  ihe ducil-bean1 ni( 
1’5 carbon dioxide 

, both 
bush- 

laser 
J d U l e S  
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Sidney Singer, L-1 group leader (left) smiles with satisfaction after successful 
pellet implosion using two-beam systems. Here he joins personnel from L-1, E-2, 
and E-4, at computer control center for L-Division’s eight-beam system. From 
left are Ed Jolly and Mike Thomason, L-1, Dave Remington, E-4, Joe Ladish, 
L-1, John Sutton, E-2, Bill Kelly, L-1, and Gilbert Salazar, L-1. 
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C .  John Urnhargcr, H-1, and Leo R. Cowder, 
K-1, wcrc granted LIS. I’atcnt 3,988,615 on Oct. 
26, I !I76 l o r  a nicrliod of radioactivity moniioring. 
I’lrc invent ion relate5 in ptrt icular to monitoring 

lor uranium and thorium content in liquid ef- 
t lwiits  placctl in a sample counting chamber. 
One object of t he iiivcrii ion is to provide cconorni- 
( a1 on site monitoring capability, and another 
ob jcct ic to provide dctcctability as low as 10 
naiiorurics per gi am using a portable detector 
1 o r  t ril m u  r;i n ic 5 0 1  i tl lm I k was t cs. 

Anion Mayrr, GMH-G, w a s  granted U.S. Patent 
8,9!14,1S(i on Nov. 30, 1996, iou an clcctrolytic 
plat ing apparatus lor disc icte microsired particles. 
According to tlie alxtract, the method and appa- 
rntiit will protlricc very uniform coatings of  ;I 

des ired material on the microsiircd particles. Ag- 
r , I o n 1 i c 7  a t  ion or bridging of tlic particles during 
tI ic dcl)osition process is prcvcnt ccl by imparting 
A sull~cicntly random iriotiori to tlic particles 
that they  air not in rontart with a powered cath- 
otlc for a time sufficient for such to occur. 

l’liurman G. Frank, L-5, Edward S. Keddy, 
I<-8, and George M. Grovcr, I’ormer LASI, em- 
ployec now retired, were granted CJ.S. Patent 
5,994,778 on Nov. 90, 1076, lor an invention 
w l h i ~ h  rclatcs t o  it barricr for inhibiting hydro- 
gen d l f rus i~~n from i1 nuclear fuel clemcnt con- 
taining a 111ctilI Iiydridc moderator ;tnd operating 
a t  tcnrpcraturcs at which ;I subst ant ial hydro- 
gen tlissociat ion pressurc exists. More specifically, 
it relates to a hydrogen Ijarricr consisting of a 
liqrxicl rrictal such as liqnid lead. 

Michael J. Antal, Jr., former employee of LASI, 
and now a professor a t  Princeton University, was 
granted U.S. Patent 3,998,458 on Nnv. 23, 1976 
for a met hod lor producing synthetic frxcls from 
solicl w;t$tc. ‘The system of tlic invention uses 
solar cncrgy to provide heat for the pyrolysis of 
solid wiistes and the gasification of tlie remaining 
char. 

Si ephen I). Rockcwood, AI’-2, Robert E. Staple- 
ton, L-lK), antl Thomas F. Stratton, IJ-lO, were 
gralitctl 1i.S. Paterit 3,973,213 011 Aug. 3, 1976, 
for an invcntion wliich relates to elcctrically 
prrnipcd higli-energy gas laser amplifiers in wliich 
gas 1)rcakdown of  the lasing medium is snbstanti- 
ally obviated. 
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LASL 
Exhibit 

ISD-2, at the requcst of Ed Ham- 
mel, assistant director for energy, 
developed an  exhibit on LASL’s 
involvement in energy research and 
clevelopmcnt for display at the Mu- 
seum of Albuquerque. 

The exhibit, viewed from Jan- 
uary 29 to March 14, was in  con- 
junction with a symposium, “En- 
ergy and Socicty: The Next Thirty 
Years,” held a t  the convention cen- 
ter in AIbuquerque. 

Arcas oi LASL research exhibited 
were laser isotope separation, geo- 
thermal energy, solar mobile mod- 
ular home concepts, superconduct- 
ing power lines and storage, use of 
pi mesons in cancer therapy, fusion 
by clectromagnetic confinement, 
laser fusion, and nuclear safe- 
guards and reactor safety. 

Bob Porton, ISD-2 group leader, 
said the LASL exhibit was designed 
to be understandable to the lay- 
man, and he praised the cfforts of 
the project’s chief coordinator, Bob 
Hrashear, ISD-2, and people in  ISD- 
3, ISD-7, and the Laboratory’s Shop 
Department in getting the exhibit 
put together. 

The exhibit was popular with 
thousands of visitors to the Albu- 
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Bob [)orton si.rrrlls through the MSSCRI- 

bled LASL cxliibit its place at the Mu- 
seum of Albuquc!rquc:, top photo, and 
at right, Bruc c Martinez, recrching in 
tho Imckgrourrcl, Daniel Rorntvo, and 
John Mench, cill of the tnotlel shop in 
the Shop Depariment, assetnhlc. tmrts 
of n panel lo be used in the exhibit. 
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Another 
Supermagnet 
At LAMPF 

TRIM MAGNET--, 

- 

BENDING 
MAGNET 

MAGNET 

! 
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Nobuyuki Tanaka, left, and Joe Kosty, center, both MP-10, and Jim West, WX-4, 
peer through the structure supporting the high-resolution pion beam spectrom- 
eters of the soon-to-be-completed energetic pion channel and spectrometers 
(EPICS) assembly at  LAMPF. 
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l'unaka inspecis hie eonstructioii of EI'ICS arid the supcrstructure built to contain it. 
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expecting to have the EPICS com- 
pleted antl rcady for preliminary 
tests in April or May. It will be 
several months later, however, be- 
fore the first cxperiment can be 
conducted using the entire system. 

Project coordinators say somc ex- 
periments have already been done 
using the channel seclions of the 
EPICS, antl have proved the sec- 
tions to be accurate and ready for 
further use. 

rlanaka, who also worked on as- 
scmbly of the high-resolution spec- 
tioincters (HRS) at LAMPF, has 
been woi king on the EPICS project 
for less than a year. “I gained much 
experience with construction of the 
HKS, and I have been able to use 
that experience in the EPICS pro- 
ject. I t  has shortened the amount 
ot time necessary to do the work.” 

He added that the energy mea- 
suiements and the nature of the 

The two 90-ton dipole magnets and high 
resolution pion beam spectrometers are 
prepared for lifting into place in the EPICS 
assembly. 

information needed from experi- 
ments with EPICS, required less 
hand work in finishing the magnets. 
Dimensions and specifications of 
the HKS magnets had to be much 
more exact than the magnets for 
EPICS. “This resulted in addi- 
tional time savings,” he said. 

More than a dozen technicians 
have been actively involved in 
readying EPICS for its near-future 
beam tests and experiments. 

“Many, many people have been 
connected with the project: engi- 
neers, technicians, scientists, people 
from various divisions and groups 
of the Laboratory,” said Tanaka, 
“but the core of a dozen or so 
people has been on the project 
since its beginning.” 

And Tanaka, now nearing com- 
pletion of his second “supermag- 
net” venture at LAMPF, readily 
admits that the work and coopera- 
tion of many people is necessary to 
produce EPICS, a new opportunity 
for new studies in medium-energy 
physics at  LASL. @ 
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Forest Service 
Is Seeking 
Volunteers 

The Espanola Ranger District of 
the Santa Fe National Forest needs 
volunteers to help in .the conserva- 
tion work of the Forest Service. 

Persons with skills in environ- 
mental interpretation and educa- 
tion, photography, visitor informa- 
tion services, exhibit design and 
display, journalism, conducting na- 
ture walks, and preparation of slide- 
tape programs are especially 
needed. 

The Forest Service can use per- 
sons of all ages from retired persons 
to teenagers but volunteers under 
the age of 18 must have written 
consent from his or her parent or 
guardian. 

A volunteer may work full time, 
a few hours each week, or contribute 
a “one time” service. Applications 
can be obtained at the Forest Ser- 
vice office in the lobby of the ERDA 
building in Los Alamos. Volunteers 
will not receive any wage or  other 
compensation for their donated 
services. @ 

30 
I years ago in 10s afamos 

Culled from the March, 1967 files of 
The Atom and The Los Alamos Monitor by Robert Y. Porton 

BANG! 
“Sleeping Beauty” awoke Tuesday after more than 20 years a t  

rest a t  Trini ty  Site in Southern New Mexico. Unlike the fairy- 
tale princess who slept for 100 years and was awakened by a gentle 
kiss from a prince, this Sleeping Beauty was startled from her 
slumber by a “Bang.” Sleeping Beauty was a code name given to 
an  experiment of LASL after it fizzled on  test day-Sept. 8, 1946. 
T h e  physics experiment involved a small quantity of high ex- 
plosive which failed to detonate at  the time. Today’s test was 
termed successful by Laboratory scientists with the original HE 
being detonated-removing all danger of an  uncontrolled explo- 
sion. 

SPEAKERS: 
Harold Agnew, W-Division Leader, was a speaker at the Air 

Force Association’s 2 1st anniversary national convention in San 
Francisco last week. Agnew took part in a symposium entitled 
“The  Technological Threat.” Another featured speaker at the 
meeting was Secretary of the Air Force Harold Brown. 

LASL PROJECTS: 
A giant stride down a long road was taken by the Los Alamos 

Scientific Laboratory this month,  bu t  i t  had help in high places. 
President Johnson has submitted an amended budget message 
to Congress in which he asked that $50.3 million be appropriated 
during the fiscal year beginning next July to construct a “meson 
factory,” and $8.5 million for a Scyllac machine, both at Los Alamos. 
First conceived in 1962, the meson facility will be a variable 
energy 800 million electron volt proton accelerator which will 
provide a beam current of one milliamp, an external beam cur- 
rent more than a thousand times higher than that of any existing 
accelerator of comparable out-put energy. Scyllac is planned as 
a new Project Sherwood containment experiment a t  LASL. 
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Ll lirirritnc4, right, I A X ' s  u s k t t i r i t  
director for energy, tlisciisscis W ~ W -  
c.onclucting trt-rnsinissiori lino:, with U.S. 
Kcp. Toni Hrrrkin of Iowa. tlarltiii, 13 

rneinb-r of thc Hnuw Scientx: wid 
lechii i~logy Cbnimiitee aiirl  3 subcam. 
mittom cln energy, bcieiicc resctircli, 
crnd technology, was iii l o s  P h m s  
recently jot a briefing! on enorgy ciri~d 
resear< ki d(?vt?lop inenti,. 



Icicles trlways hang verticmlly from (1 roof or fence or whatever. Or, at least rnost of them do, this one cx- 
cepled. Bill Jack Kotlgcrs took this picture O F  ri horizontal ic ic le  suspended from the roof of the Occupa- 
tiotial Health laboratory. Not iupioriirg gravity entirely, the icc mass separated from the accumulation of 
stlow and ice abnvc. it, but appears to have Leen formcd horizontally. 


